Image in Focus
. A -Bone marrow with severe hypoplasia and gelatinous material in interstice (H&E, 400X); B -Bone marrow tissue stained with Alcian Blue showing the gelatinous material in interstice, which is an alcianophilic deposit of mucin (Alcian Blue, 400X); C -Gross examination of the heart showing the bright appearance of pericardial adipose tissue, which is an example of gelatinous transformation outside the bone marrow; D -Pericardial adipose tissue with the same histological aspect noted in the bone marrow, which is consistent with the macroscopic aspect of the heart (H&E, 400X).
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Gelatinous transformation of bone marrow (GTBM) was recognized in the 20th century in the autopsy specimens of patients with prolonged starvation and cachexia.
1,2 GTBM is a rare hematological condition associated with numerous etiologies, and represents a marker of underlying severe disease.
The main feature is adipose cell atrophy, hematopoietic tissue hypoplasia, and the deposition of an eosinophilic substance, which consists of a material similar to mucopolysaccharide hyaluronic acid. [3] [4] [5] This substance stains for Alcian Blue at pH 2.5, but loses its positivity after pretreatment with bovine testicular hyaluronidase. 2 GTBM is a histological pattern, which is mainly presented in the context of nutritional deprivation, such as anorexia nervosa, severe malnutrition, or cachexia. 6 Other clinical scenarios are malabsorption, alcoholism, 7 severe infections, 3 congestive heart failure, and acute febrile states. 1 
Böhm
2 studied 155 patients with GTBM and realized that the etiologies varied according to the age of the patient. For patients under 40 years old, the most common causes were anorexia nervosa, acute febrile states, and acquired immunodeficiency syndrome (AIDS). Patients between 40 and 60 years old presented neoplasms, such as carcinomas and lymphomas, and congestive heart failure as the main documented etiologies. The study also detected that 81% of the patients exhibited weight loss and 78% presented anemia. 2 According to Böhm 2 , neoplasms were present in 37.5% of the cases, malnutrition in 16.8%, infections in 11.8%, digestive disorders in 10.1%, heart failure in 7.0%, and metabolic disorders in 5.4%. About 11.4% of the etiologies were represented by other causes, such as iron deficiency, renal failure, psychoses, and myelodysplastic syndrome. Etiologies mentioned by other studies [2] [3] [4] [5] [6] 8 include renal failure, 3 disseminated tuberculosis, alcoholic pancreatitis, 5 systemic lupus erythematosus, 2, 4 excessive physical activity, 6 and non-specified eating disorders. 8 The possibility of other hypotheses to explain the physiopathology of this phenomenon 1, 3 include the existence of GTBM in other diseases without the obligatory association with malnutrition, and patients with severe anorexia nervosa whose bone marrow does not develop this transformation.
The central physiopathological aspect of this condition is the depletion of fat cells due to a state of severe catabolism, with the subsequent deposition of a gelatinous substance on the bone marrow, which is mainly comprised of a hyaluronic acid-like material. This deposit renders the bone marrow as an adverse microenvironment for hematopoiesis 1 by inhibiting the interaction between the hematopoietic cells and the signalizing molecules. 9 Moreover, studies in vivo show that fat cells are important to maintain hematopoietic progenitor cells. 10 The secretion of a huge number of cytokines, such as interleukin-1, interleukin-2, and the tumor necrosis factor, are part of the pathogenesis of GTBM in contexts of severe infections. During the seroconversion of AIDS, or when the disease is in the early phase, the multiple failure of organs or the presence of cancer are situations where there are a higher number of cytokines. 11 Apparently, protein-caloric malnutrition is involved in the pathogenesis, because GTBM is never found in patients with specific protein nutritional deficiency (i.e. kwashiorkor, marasmus). 11 Differential diagnosis is important for GTBM with other conditions; namely, bone marrow edema, bone marrow necrosis, aplastic anemia, and amyloidosis. 2, 4 Edema normally shows hypocellular areas in which fat cells are of a normal size and in a normal quantity. A fluid-like material, which is not stained with Alcian Blue, surrounds these cells. Bone marrow necrosis is defined as the necrosis of myeloid tissue and medullary stroma, consisting of cellular debris with an irregular and indistinct cell margin with cytoplasmic shrinkage and nuclear pyknosis, karyorrhexis, and karyolysis. Aplastic anemia is characterized by a loss of myeloid tissue, the absence of fat cell atrophy, and a negative Alcian Blue stain. 4 Amyloids on the bone marrow are often found on the vessel walls, but sometimes these deposits are interstitial. Bone marrow shows an increase in atypical monotypic plasma cells in amyloidosis associated with light-chain protein. Secondary amyloidosis may have an increased number of polyclonal plasma cells and other characteristics of chronic inflamation. 12 Amyloid deposits in the bone marrow characteristically stain with Congo Red stain, and show apple-green birefringence on examination with polarized light.
Generally, recovery of the bone marrow is expected when the underlying cause of GTBM is treated. However, according to the etiology, there are different types of treatment. Patients with anorexia nervosa showed peripheral blood count recovery after the administration of cautious nutritional therapy, and another treatment was refractory. It was then necessary to administer granulocyte colony-stimulating factor (G-CSF) and erythropoietin. 10, 13 Combining erythropoietin and G-CSF results in rapid and sustained hematopoietic recovery. There is also a reduction of 91% in the cost of health care delivered to the patient. However, addressing nutritional deficiencies is also necessary to recovery normal marrow function. 10 Figure 1 refers to a 79-year-old man who was cachectic and found unresponsive in his home. He had a previous history of leprosy and was under treatment. The patient's medical record showed that he had a hemoglobin of 7.8 g/dL, a platelet count of 125,000/mm 3 , and a white blood cell count of 5,500/mm 3 . The bone marrow biopsy performed during the autopsy showed bone marrow hypoplasia, fat cells atrophy, and gelatinous material that stained for Alcian Blue ( Figures 1A and 1B) , which was consistent with the diagnosis of GTBM. The gross examination of the heart showed atrophy with the same pattern of gelatinous transformation in the pericardial adipose tissue ( Figures 1C and 1D) . Malnutrition was the main cause of this patient's bone marrow condition, and his cause of death was extensive bronchopneumonia.
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